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Abstract—Purpose: Videofluoroscopy is generally 
considered a “gold standard” technique; however this 
technique exposes subjects to radiation. Ultrasonography is 
applied widely in clinical practice because of low cost, safety of 
the technique, and absence of radiation exposure. The aim of 
this study was to evaluate hyoid bone movement trajectories 
during swallowing in healthy subjects using 
ultrasonography.Subject and Methods: Data were obtained 
from 15 healthy volunteers (mean age: 34.9± 9.3).The subjects 
were divided into 3 groups: 5 subjects in their 20s, 5 subjects in 
their 30s and 5 subjects in their 40s. The subjects were 
examined while sitting in an upright position, with the back 
against a wall to control movement. The transducer was placed 
in a longitudinal scan above the larynx. The hyoid bone was 
identified on the scan as a high echoic area with posterior 
acoustic shadow. Then, the subjects swallowed 5 mL of 
mineral water, with a measurement frequency of 5 times. The 
digital-ultrasonographic recordings were viewed at 30 frames/s 
for 3 seconds. Results: The movement was divided into 4 
phases: A, slowly ascending phase; B, rapidly ascending phase; 
C, temporary pause phase (position of maximum rise); D, 
rapid and slow descending shifts toward the resting position 
phase. We easily visualized the hyoid bone trajectory using 
ultrasonography. In all cases, ultrasonographic analysis of the 
hyoid bone was confirmed to have a similar trajectory as 
determined with videofluoroscopy. Ultrasonography can 
accurately determine swallowing duration and trajectory of 
hyoid bone movement. There was a significant difference in 
swallowing duration between the 20s groups and 30s groups 
and between the 20s groups and 40s groups (P < 0.05). 
However, the difference between the 30s group and 40s group 
was not significant (P=0.87).Conclusion: The results show that 
the dynamic phase image of the hyoid bone movement can be 
revealed by ultrasonographic visualization. 







Feeding and swallowing dysfunction is of greater 
concern now than in the past due to the increased numbers 
of elderly people, and the potential for increased risk of 
pneumonia from dysphagia with frequent aspiration. 
Videofluoroscopy is generally considered the “gold 
standard” method for diagnosing dysphagia [1-3]. However, 
this procedure has a number of limitations, including 
exposure of patients to radiation and the fact that it requires 
contrast medium. Transabdominal ultrasonography (US) is 
applied widely in clinical practice because of low cost, 
safety of the technique, speed, and absence of radiation 
exposure. Few studies have analyzed hyoid bone movement 
by US [4,5]. Additionally, swallowing has not been 
analyzed. The aim of this study was to evaluate hyoid bone 
movement trajectories during swallowing in healthy 
subjects, using ultrasonography.. 
Ⅱ.MATERIALS AND METHODS
A. Patients 
A total of 30 subjects underwent swallowing sonographic 
examination between December 2007 and March 2008 at 
Katsuragi Hospital (Osaka, Japan). Data were obtained from 
15 healthy volunteers, and the subjects were divided into 3 
groups: 5 subjects were in their 20s (2 men and 3 women; 
mean age, 24.2 ± 2.3), 5 were in their 30s (2 men and 3 
women; mean age, 34.3± 3.7) and 5 were in their 40s (3 
men and 2 women; mean age, 45.4 ± 2.1). The study was 
approved by the ethics committee of our institution, and 
informed consent was obtained from all patients. 
 
B. Methods (Fig. 1)  
The subjects were examined sitting in the upright position, 
with their back resting against a wall to control movement. 
With the transducer placed in a longitudinal scan above the 
larynx, the hyoid bone was located in the middle of the 
screen. The measuring point to be located was the maximal 
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position of the cranial hyoid bone, and the monitor 
displayed the cranial part on the left side and the caudal part 
on the right side. The hyoid bone was identified on the scan 
as a high echoic area with a posterior acoustic shadow. The 
subjects swallowed 5 mL of mineral water and 
measurements were taken 5 times. The moving images were 
preserved on a hard disk using ultrasonic equipment. Xario 
ultrasound systems were used with curved-array (3.5–7.0 











Fig1. A cross section of the head around the mouth, jaw and pharynx. 
 
C. Swallowing analysis (Fig. 2)  
The images were analyzed by software (image J), and 
digital-sonographic recordings were viewed at 30 frames/s 
for 3 seconds. Frozen frames of the moving image were 
analyzed, and range of movement of the hyoid bone from 
the resting point was measured (X axis, horizontal 
migration length; Y axis, perpendicular migration length). 
We measured the time intervals between A and B, B and C, 
C and D. A corresponds to initiation of hyoid motion, B 
indicates full elevation and beginning of anterior motion, C 
corresponds to maximum anterior displacement and 
beginning of return motion and D indicates completion of 
the return to original resting position. The total swallowing 
duration was calculated by determining the interval from A 











Fig2.  Hyoid bone trajectory by videofluoroscopy.  Sonograms show 
the range of hyoid bone movement from the resting point by coordinate 
graphics. 
 
D. Statistical analysis 
One-way analysis of variance was used to compare the 
mean swallowing duration times among the groups. 
Statistical analyses were performed with SPSS 10.0 




A. Analysis of hyoid bone movement 
In all cases, normal hyoid bone trajectory was easily 
visualized by ultrasonography. Figure 3 shows the 
trajectories of 5 swallows of one normal subject. This figure 
demonstrates that a normal swallow generally consists of 
four phases. First, the hyoid bone rises from its resting 
position (A-B, elevation) after swallowing was initiated. 
Second, the hyoid bone moved anteriorly to reach its 
maximum displacement (B-C, anterior). Third, the hyoid 
bone remained in a temporary phase (position of maximum 
















Fig3. Normal hyoid bone trajectory of 5 consecutive swallows (5-mL 
water boluses) in a 24-year-old female. 
 
B. Swallowing duration times in the three groups 
Table 1 shows the average duration measurements 
(Elevation, Anterior, Remain and Return) of 3 groups for 5 
control swallows of 5 mL of water. Regarding the duration 
of measurements of 15 normal subjects, significant 
differences were found between the 20s group or 30s group 
and 40s group (P<0.05), but differences between the 30s 
group and 40s group were not significant (P=0.87).  
 
Table 1 Average duration measurements of three groups (S)T
Total time      Elavation     Anterior        Remain        Return           
Twenties  1.48 ± 0.2    0.41 ± 0.1    0.32 ± 0.1    0.21 ± 0.1     0.54 ± 0.2 
Thirties    1.81 ± 0.2    0.51 ± 0.2    0.45 ± 0.1    0.26 ± 0.1     0.59 ± 0.2 
Forties     1.87 ± 0.2    0.55 ± 0.2    0.38 ± 0.1    0.31 ± 0.1     0.64 ± 0.3  






In this study, the trajectory of the hyoid bone identified 
by ultrasonographic analysis was confirmed to be similar to 
that by videofluoroscopy. Thus, ultrasonography can 
accurately determine the swallowing duration and trajectory 
of hyoid bone movement. However, the hyoid bone 
trajectories depicted shift length of movement in the same 
subject. Some studies have reported that the position of the 
head influences pharyngeal swallowing [6,7]. One of the 
reasons for the different trajectory in this study may have 
been that the head was tilted (anteflexion or retroflexion of 
the neck) at a slight angle. Therefore, in the future, an 
examination technique will be necessary to obtain a 
stabilized, reproducible image of the fixed head. Based on 
the ultrasonographic observation, swallowing affected the 
jaw and cartilago thyroidea; therefore, a convex type or 
sector type probe should be used.  
The average swallowing duration measurements 
increased with age. The reason might be that hyoid bone 
elevation is lowered due to atrophy of the surrounding 
muscles (digastric muscle, mylohyoid muscle, stylohyoid 
muscle, geniohyoid muscle), resulting in less tension and 
loosening of ligaments during swallowing. This study used 
drinking water for convenient samples; however, any test 
foods or drinks can be chosen. Thus, we will plan to 
examine the effect of food on hyoid bone motion.  
This study had some limitations. We did not include 
subjects greater than 50 years old nor did we have subjects 
with swallowing disorders. Moreover, the number of 
subjects was small. Therefore, we plan to study hyoid bone 




The results show that dynamic phase images of the hyoid 
bone movement can be obtained using ultrasonographic 
visualization. Similar results can be obtained using US and 
x-ray videofluoroscopy. Ultrasonography can be used for 
determining the position of the hyoid bone, which may 
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Table 1 Average duration measurements of three groups (S) 
                                                                                                         
              Total time          Elavation (A-B)      Anterior (B-C)        Remain          Return (C-D)    
Twenties      1.48 ± 0.22          0.41 ± 0.1        0.32 ± 0.07       0.21 ± 0.05        0.54 ± 0.23 
 
Thirties      1.81 ± 0.2            0.51 ± 0.18       0.45 ± 0.08       0.26 ± 0.08        0.59 ± 0.17 
 






Total         1.73 ± 0.26          0.49 ± 0.15       0.38 ± 0.11       0.26 ± 0.1         0.59 ± 0.21 






Fig 1. Diagram shows the submental position of the transducer and settnig of the 
curved-array transducers during scanning of the hyoid bone in the sagittal plane.
Sonograms show the measuring point of hyoid bone.
Fig 2. Diagram shows hyoid bone trajectory by videofluoroscopy. 







Fig 3. The normal hyoid bone trajectory of data of 5 consecutive 
swallows (5-ml water boluses) in a 24-year-old female.
